T he origin and natural history of colloid cysts are debated topics. Some authors suggest that ectoblastic residues are the common precursor of colloid cysts, Rathke cleft cysts, and neuroenteric cysts. 1 The natural history of colloid cysts has been depicted, 2 and in some cases, urgent surgery is necessary. Since the first excision of a colloid cyst by Dandy in 1920, surgical techniques have evolved. Classic surgical routes include the transcallosal and transcortical transventricular approaches, and even a suboccipital supratentorial approach has been described. 3 The largest surgical series report an acceptable rate of morbidity and mortality. [4] [5] [6] In recent years, endoscopy has been recognized as an effective alternative to open surgery. [7] [8] [9] [10] The perfect illumination and magnification achievable with an endoscopic approach are extremely useful in deep-sited surgery such as in the third ventricle. Some recent articles have reported a very low rate of mortality and complications in endoscopic series. 8, 11 Compared with endoscopic approaches, a higher complication rate has been reported among patients treated with microsurgical techniques 11, 12 with an increased risk of postoperative seizure, hemiparesis, venous infarction, and cognitive impairment. 13 The main disadvantage of endoscopic treatment, performed through a classic precoronal route, is the difficulty in controlling the adhesion of the cyst to the tela choroidea and in obtaining complete removal of the cyst. 11, 14, 15 In endoscopic series, incomplete cyst resection has been reported in a high percentage of cases 16, 17 ; however, subtotal resection and cyst recurrence have been reported even in microsurgical series. The evolution of endoscopic approaches has seen surgeons recommend an entry point 3 to 5 cm from the midline, and more recent authors recommend an entry point 7 cm from the midline, 7, 8, [18] [19] [20] A stereotaxis-guided endoscopic port surgery with a neuroendoport has recently been described as an alternative to microsurgery and conventional endoscopic procedures. 21 However, these approaches, because of unfavorable trajectory, cannot achieve direct visualization and surgical control of the attachment point of the cystic wall to the tela choroidea. Even transcallosal microsurgery offers a good view of the floor but a poor view of the roof of the third ventricle. We have designed and carried out a supraorbital endoscopic approach to obtain a better viewing angle of the cyst and better control of the adhesion of the cyst to the roof of the third ventricle. We believe this approach may cause less damage to the fornix. With the help of the Navigator Station, we plan the trajectory to the foramen of Monro and the third ventricle. Endoscope-assisted microsurgery and neuroendoscopy guided by a navigation system or stereotactic head frame have previously been used to approach colloid cysts.
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MATERIALS AND METHODS
From September 2005 to February 2008, we operated on 7 consecutive patients with colloid cysts in the third ventricle. All procedures were performed with the endoscopic supraorbital approach. One patient had already undergone endoscopic surgery through precoronal burr hole access and had cyst recurrence after 1 year (Figures 1 and 2) .
The most common symptom was headache, present in 4 patients. One patient complained of positional headache. In 2 patients, we observed impaired memory. Four patients had documented enlarged ventricles but none came to us with acute hydrocephalus or in comatose state (Table 1) . High signal intensity on T2-weighted images was found in 3 of 7 cysts, whereas in 2 patients the cyst showed a double signal that demonstrated the variable viscosity of the colloid (Figures 1 and 2) .
In 4 patients, T2-weighted magnetic resonance images (MRIs) were acquired on a Siemens 1.5-T imager and uploaded on the Stealth Station Medtronic Navigator. The surgical supraorbital trajectory was planned with the help of the Navigator. On coronal images, an angle of 15°was calculated from the baseline.
In the operating theater, after general anesthesia, the patient was placed supine with the head slightly extended. In 4 procedures, we used the Magnetic Tracking System; the magnetic navigation program AXIEM started on the Navigation Station (Medtronic Navigation Inc, Louisville, Colorado). The patient's head was registered on the Navigation system without the use of the fiducial skin markers but with surface merge registration. A supraorbital point was identified on the patient's supraorbital region and aligned with the surgical plan ( Figure 3) .
The endoscopic procedure was performed with a 12°rigid STORZ endoscope with 3 working channels. A 1.5-to 2-cm incision was drawn on a forehead wrinkle. A standard burr hole was drilled approximately 1.5 cm above the orbital rime on the midpupillary line, and the bone powder was kept for closure. After the dura was opened, a 14F peelaway was armed with the magnetic probe of the AXIEM system. The magnetic probe and the peel-away were aligned with the surgical trajectory on the Navigation Station; the peel-away sheath was guided into the frontal horn to the foramen of Monro under navigational guidance. The cortical entry point was on the right frontal pole, approximately between the inferior frontal gyrus and the middle frontal gyrus. In 1 patient, we performed a left approach for asymmetric ventricular dilatation. The magnetic probe was removed, and the endoscope was inserted into the peel-away guide. A working channel was used for continuous washing with Ringer lactate. Two surgeons performed the operation with free-hand technique. The cyst wall was coagulated and the colloid evacuated with a suction tip. This maneuver allowed the shrinkage of the cyst. The area of adhesion between the cyst and the roof of the third ventricle became visible. The adhesion was coagulated and cut so that the cyst wall could be removed in large fragments. The monothermy coagulator was very helpful for the agglomeration of the exuberant choroid plexus and the point of adhesion of the cyst to the roof of the third ventricle. (See Video 1, Supplemental Digital Content 1, http://links.lww.com/NEU/A401, which demonstrates the supraorbital endoscopic view and excision of the colloid cyst in the third ventricle. In the endoscopic approach to colloid cysts, it is important to be able to visualize the attachment of the cyst wall to the roof of the third ventricle. We think that our approach gives a perfect tangential view of the cystic wall adhesion to the roof of the third ventricle, which is important to obtain as complete a cystic wall excision as possible under direct visualization. The first case is a 64-yearold man with a colloid cyst in the third ventricle. The T2-weighted MRI shows a colloid cyst with mixed signal demonstrating the different densities of the colloid. In this case, we used a neuronavigation system [see the navigation program]. After inserting the peel-away sheet under guidance of the navigation system, we inserted the endoscopy into the peel-away. We immediately coagulated the exuberant choroid plexus and coagulated and cut the cyst wall. We evacuated the colloid inside the cyst with a suction tip, grasped the cystic wall with grasping forceps, and then were able to pull the cystic wall gently away from the third ventricle. A small fragment of the cystic wall was visible on the roof of the third ventricle, and we coagulated it with a monopolar coagulator. Postoperative MRI at the 1-year follow-up showed no cystic recurrence ( Figures 3 and 4) . In another case of a 43-year-old man with mild hydrocephalus, we evacuated the cyst from the colloid, and the cyst adhesion to the thalamostriate and septal veins was perfectly visible. We coagulated the adhesion between these structures, excised the cystic wall in gross fragments, and grasped the cystic wall. We were able to pull the cystic wall away under direct visualization of the roof of the third ventricle. After the procedure, a small fragment of cystic wall was still visible on the roof of the third ventricle, and we left it untouched. We evacuated all remnants of the colloid with a suction tip. Postoperative MRI control at the 1-year follow-up showed no cystic recurrence.) A pellucidotomy was performed in 3 cases to better control the contralateral cyst adhesion to the tela choroidea. At the end of the procedure, we did not use an external ventricular drainage in any of the operations. The bony defect was filled with bone powder and plugged with bone wax. The wound closure was achieved with a simple 3-0 subcutaneous interrupted suture and a running intradermal suture with absorbable 3-0 polyglycolic acid (vicryl; Ethicon Inc). Thanks to these measures, we obtained excellent aesthetic results. No patient required a stay in the intensive care unit. Patients underwent early postoperative MRI control. Mean clinical and radiological follow-up was 2 years.
RESULTS
No complications were encountered during the procedures, and in no patient was the procedure converted to an open craniotomy. The continuous irrigation of the ventricular cavities provided a perfect view of the operative field. The procedures lasted between 60 and 110 minutes, including the registration on the navigation system ( Figure 5) . A near-total excision of the cyst with its wall was achieved in 6 patients. No cystic residues were detected in 6 patients at postoperative and at follow-up MRI check-ups; however, in all 7 cases, minimal fragments of cyst wall sticking to the roof of the third ventricle were visible with the endoscope at the end of the procedure and were only coagulated.
In 6 cases, these fragments were not visible on postoperative radiological images. We did not use an external ventricular drainage in any of the operations, and none of the patients required postoperative intensive care support. All patients were discharged within 6 days. Hydrocephalus resolved in all cases, and no patient needed a ventriculoperitoneal shunt (Figures 6 and 7) . None of the patients showed postoperative worsening of neurological symptoms. At follow-up, all patients manifested neurological improvement. Radiological images revealed no residual cyst in 6 cases. In the 2-year follow-up MRI images (Figures 8 and  9 ), all patients appeared radiologically stable.
DISCUSSION
Open surgery has always been considered the best treatment for colloid cysts, with a mortality rate of 3.7% in a large series for transcallosal approach. 6 Recently, Shapiro et al, 26 in their series of 57 patients, emphasized the role of the transcallosal approach to colloid cysts with complete resection in almost all cases. However, they pointed out surgical-site infections in 2% of cases, 1 case of bilateral acute subdural hematoma, and bleeding in the fourth ventricle in 1 case. 26 Endoscopic techniques have evolved over time so that today the endoscopic treatment of colloid cysts is an accepted alternative to microsurgery. Flexible endoscopes have been used less frequently than rigid ones because rigid endoscopes provide better visualization than flexible endoscopes and ensure the best surgical results. 17, [27] [28] [29] Endoscopic evacuation of colloid cyst has long been considered superior to simple stereotactic aspiration, 27 while a comparison between endoscopic and microsurgical techniques has been highlighted by different authors 11, 16 ( Table 2) . Recently, some authors have presented case studies of colloid cysts operated on via open surgery or an endoscopic approach and concluded that endoscopy should be the first line of treatment of colloid cysts. 8 In a series of 20 patients operated on via endoscope, Hellwig et al 23 observed only 1 cyst recurrence after 6 years. Greenlee et al 18 have emphasized the role of endoscopy in colloid cyst surgery. The limits of endoscopy have been recognized in terms of cyst attachment to the roof of the third ventricle. 14, 15, 26 The surgical radicality of endoscopic procedures is a matter of debate. A partial excision of the cyst has been deemed a pitfall of the endoscopic series. In the series of Horn et al, 8 a large residual cyst was left in 10% of patients treated with a rigid endoscope compared with 0% in the patients treated with open craniotomy. The importance of the entry point for an endoscopic approach to the frontal ventricle has been debated in the literature. The burr hole is generally made immediately anterior to the coronal suture 16 or 2 to 3 cm anterior to it and 3 to 5 cm lateral to the midline, whereas a more anterolateral trajectory has been proposed with an entry point 8 cm behind the nasion and 7 cm from the midline. 7, 8, [18] [19] [20] Precoronal endoscopic approaches allow visualization of the roof of the third ventricle, and their trajectory is tangential to the foramen of Monro with possible damage to the fornix. With a more basal trajectory such as the supraorbital endoscopic approach, it is possible to approach the foramen of Monro perpendicularly, thus avoid damaging the fornix and obtaining good visualization of the roof of the third ventricle. A dual-port endoscopic technique with precoronal and frontopolar approaches has recently been described, and the author emphasized access to the foramen of Monro and to the tela choroidea. 7 Using the frontopolar trajectory, the author 7 achieved an ideal angle of 15 6 4°to the roof of the third ventricle compared with 56 6 6°of the precoronal route and obtained complete resection of the cyst in 10 of 11 patients. The author observed no cyst recurrence with a mean follow-up of 26 months. We believe that the limit of this technique is the 2 distinctive transcortical routes. We think that even the precoronal 2-port endoscopic approach described by Mishra et al 30 seems too invasive for the need of a bone flap instead of a simple burr hole and the need to insert a transcortical metallic sheet in addition to the main port. With a single supraorbital approach, we obtained complete control of the cystic wall and inspected the transition layer between the cyst and the ventricle. This allowed us to abort a complete excision of the cyst if large vessels crossed from the cyst wall to the ventricular structures. Our single-port supraorbital technique avoids the double access of the dual-port technique, and the direct visualization of the roof of the third ventricle may sway the decision to attempt a complete excision of the cyst and perform a less hazardous coagulation of the cystic adhesion. We feel that our trajectory provides a better view angle of the floor of the third ventricle with cyst attachment and avoids major damage to the fornix; the frontopolar entry into the frontal horn of the lateral ventricle offers a wide view of the foramen of Monro. Frontopolar endoscopic approach allows easy inspection of the third ventricle and the aqueduct as the classic precoronal endoscopic trajectory. With this approach, we achieved near-total resection of the cyst in 6 of 7 patients. Very small remnants of cyst wall, not visible on postoperative MRI, so-called endoscopic remnants, were evident in almost all of our cases at the end of the procedure. We do not think that these residues will affect the recurrence rate; however, more data may be necessary.
Both navigated endoscopy and stereotactic endoscopy have been described with promising results. 22, 23, 29 Ultrasonic-guided endoscopic surgery in colloid cysts has also been described. 31 Reflecting spheres must be applied to the endoscope to use the optical system. 32 We found that the magnetic tracking system may be a useful and even better guide to drive the peel-away into the ventricle. The magnetic probe may be inserted into the peelaway that is easily driven into the ventricle toward the foramen of Monro with ''real-time'' visualization. In this system, the cranial frame is secured to the head, so the 3-point Mayfield head holder, used by many authors who perform neuronavigated endoscopy, is not needed. The method was less troublesome and faster than the optic tracking system. Moreover, the optic tracking system requires the application of the reflecting spheres to the endoscope and the calibration of the endoscope with the navigation station. We used the ''surface merge'' registration of the patient's head and did not use fiducial skin markers; however, this option is permitted also by optical navigation system.
CONCLUSION
Endoscopic treatment may be an effective and safe alternative to open surgical craniotomy ( Table 2 ). Our series shows that the endoscopic supraorbital resection is a safe and valuable approach to colloid cysts of the third ventricle. In our cases, the supraorbital trajectory, guided by a magnetic neuronavigation tracking system, provided complete control of the cyst wall adhesion to the third ventricle. A longer follow-up is needed to establish whether the small ''endoscopic'' residues of cyst wall may give raise to cyst regrowth, and more data are needed to assess whether this procedure is better than open surgery or the endoscopic precoronal route. We suppose that forniceal FIGURE 8 . Coronal T1-weighted image of the same patient at the 2-year follow-up. No cyst recurrence was detected, and the hydrocephalus appears to be resolved. FIGURE 9 . Axial T1-weighted image of the same patient at the 2-year follow-up. (11, 12, 26) 91-200 (11, 12, 23) Mean days of hospitalization (days) 4,8-18,9 (11, 12, 26) 2,4-9 (11, 12, 14, 23) Intensive care unit stay (days) 3,5 (12) 1,7 (12) Perioperative complications 18-40 (8) (9) (10) (11) 0,5-30% (11, 14, 18, 23) Permanent neurological deficit 2% (4) 0% (20) Mortality 0-10% (4, 5, 11, 26) 0% (11, 17, 20) Gross total removal 80-100% (4, 11, 26) 30-100% (7, 11, 14, 17, 20) Recurrence 0-1% (4, 8, 26) 0-25% (7, 8, 11, 14, 17, 18, 20) cranial base, the anterior segments of the circle of Willis, and the anterior areas of the lateral and third ventricles. The authors reported a small series of patients with a relatively short follow-up, but the results of this surgical technique for this kind of lesions seem promising. The feasibility of this approach, though, is a demonstration of the advantages of this technique itself. It offers the possibility of achieving an excellent visualization of the pathology and the areas dealt with, thanks to the endoscopic control, with a minimal manipulations of/discomfort for the neurovascular structures along the surgical trajectory. Nevertheless, it should be said that a major drawback of this approach is represented by the limited lateral extension of the craniotomy that could cause a more extensive traction stress to dissect and remove the lesion from fornices, columns, infundibulum, etc. As a matter of fact, it is mandatory that the choice of this approach be tailored to each lesion, and once again, we should remember the utmost importance of neuroanatomy and the perfect knowledge of the disease dealt with. Some lesser invasive approaches are very fascinating, and this certainly could be advocated among those; however, one should not attempt to use these approaches without adequate training and experience to avoid performing surgical procedures overburdened by an higher rate of morbidity, unattended complications, and/or incomplete treatment.
Paolo Cappabianca
Naples, Italy T his article describes a novel approach to colloid cysts of the third ventricle. The authors correctly identify that the most limiting aspect of more traditional approaches, both endoscopic and open, is the difficulty in visualizing the roof of the third ventricle. The most limited approach is the open interhemispheric/transcallosal approach, in which the third ventricle is approached from an almost midline trajectory offering a good view of the floor but a poor view of the roof. Evolution of the transcortical approaches has seen surgeons recommend an entry point 3 to 5 cm from the midline to more recent authors recommending an entry point 7 cm from the midline. However, the more lateral approaches have placed the head of the caudate nucleus directly in the line of the surgical approach and therefore at risk of damage.
Nevertheless, the superior view of the third ventricle, contralateral foramen of Monro, and choroid plexus more than compensates for the potential for damage to the caudate nucleus. This article describes a more exaggerated anterolateral approach that likely bypasses the risk to the caudate and offers an even better view of the point of attachment of the cyst. The authors do not comment on whether the view of the contralateral structures is compromised, as I suspect it is. This is an extremely important point, given the importance of coagulating the attached choroid plexus on both sides of the cyst. Other advantages of this novel approach are that the scope passes through less eloquent brain, the longer intraventricular course allows more ability to maneuver the scope, and the fornices are less vulnerable. The disadvantages of this approach are the necessity to make an incision and burr hole on the forehead, which may not have short-term cosmetic ramifications but will certainly have long-term cosmetic implications, and the fact that entry into the third ventricle may be more difficult if the diameter of the foramen is small, as is often the case, even in the presence of gross ventriculomegaly. Finally, the comment that there were residual cyst wall fragments in all cases needs further discussion. I personally believe that the authors are being excessively hard on themselves in that this observation may be a reflection of the more superior views of the roof rather than a failing of the approach.
In summary, I commend the authors on this novel approach. It has several merits, but I suspect that a review of a larger series of patients in a few years will reveal some limitations. The cosmetic aspect of this approach is enough to stop me from universally adopting its use, although I concede that there may be occasional cases in which it may be useful.
Charles Teo
Randwick, Australia
